Introduction {#S0001}
============

Pain is a heterogenous phenomenon that accompanies the inflammatory response of the body to tissue damage. The immune cells at the site of injury actively release chemical mediators that results in vasodilatation, increased vascular permeability, and cellular infiltration.[@CIT0001] The mechanism is conducive to scavenging of necrotic tissue and promotion of tissue healing. Pain also serves as a cue to the organism to withdraw from perceived insult in the external environment. This indicates the existence of a multi-organ system associated with initiation, transmission, and perception of pain. Pain is therefore rightly defined as a: "complex constellation of unpleasant sensory, emotional and cognitive experiences provoked by real or perceived tissue damage and manifested by certain autonomic, psychological, and behavioural reactions.[@CIT0002]"

The sensory and affective components of pain are modulated by inhibitory and excitatory pathways. Inhibitory neurotransmitters (noradrenaline and serotonin) and drugs (clonidine and dexmedetomidine) act as agonists on α2 adrenoceptors in dorsal horn cells of the spinal cord causing supraspinal analgesia.[@CIT0003] The latest research has shown that non-steroidal anti-inflammatory drugs (NSAIDS) also facilitate noradrenergic activation of α1, α2C and β-adrenoceptors in addition to its peripheral anti-nociceptive action.[@CIT0004]

The global burden of morbidity due to pain is huge. The approximate estimated prevalence of pain is 20% in the adult population.[@CIT0005] Annually, 10% of the world\'s population is newly diagnosed with chronic pain[@CIT0005] In the pediatric population, studies have shown that 15%--25% of children and adolescents suffer from recurrent and chronic pain.[@CIT0006] The wide prevalence of pain has a serious impact on the health of people. Globally, pain accounted for 18 crores disability adjusted life years, as per a systematic review of data from 2000--2014.[@CIT0007] On the monetary scale, the cumulative health care and economic cost arising from pain has been found to be more than that of heart disease, cancer, or diabetes.[@CIT0007] The effect of pain on the psychological, social, and economic condition of patients and their families, provides a subtle reason for considering pain as an issue of public health importance[@CIT0005] Treatment and prevention of pain should therefore be safe, effective, and accessible. A multimodal approach based on an individualized, around-the-clock regimen of NSAIDs, opioids or acetaminophen is recommended to optimize efficacy and minimize the risk of adverse events.[@CIT0008] It involves a stepladder pattern of drug and dose escalation as pain scales up the severity score.[@CIT0009]

COX inhibitors are an integral part of most analgesic regimens. COX enzymes exist in two forms, COX-1 and COX-2. COX-1 isoform is constitutive and produces prostanoids essential for physiological processes including protection of gastric mucosa. COX-2 is inducible and synthesizes prostanoids that mediate inflammatory processes like pain, fever, tissue injury, and infection. Classic NSAIDs inhibit both COX-1 and COX-2 isoforms and decrease pain in both acute and chronic pain conditions across the entire spectrum of pain severity.[@CIT0009] However, non-selective inhibition of COX interferes with physiological functions and cause adverse effects like peptic ulcers, platelet dysfunction, helicobacter pylori infection, and nephrotoxicity. On the other hand, COX-2 inhibitors exhibit fewer gastrointestinal and other side effects but have similar anti-inflammatory, anti-pyretic, and analgesic properties.[@CIT0010] In inflammatory states, the expression of COX-2 is accentuated both centrally and peripherally under the influence of proinflammatory cytokine IL-1-*b*. COX-2 inhibitors modulate nociception through differential activity at both the sites.[@CIT0010] Zaltoprofen, a preferential COX-2 inhibitor, is a potent anti-inflammatory and analgesic propionic acid derivative with novel anti-nociceptive properties. It not only decreases PGE2 production by acting at the COX enzyme, but also inhibits bradykinin and lipoxygenase pathway of nociception.[@CIT0011] The B2 receptor-mediated signaling pathway on the primary sensory neurons is attenuated without actual blocking of bradykinin receptors. It has a greater inhibitory effect on bradykinin-induced nociception than other NSAIDs.[@CIT0012] In addition, the bradykinin-dependent 12-lipoxygenase pathway of pain is also inhibited. The adverse effects of this molecule on gastric and small intestinal mucosa are comparable with other safe NSAIDs.[@CIT0011] The unique mechanism of action of zaltoprofen makes it a promising drug for treatment of painful conditions. So the present study was designed to compare the analgesic efficacy of novel NSAID, zaltoprofen, with standard drug, piroxicam, in a mouse model of acute pain.

Materials and methods {#S0002}
=====================

Animals {#S0002-S2001}
-------

Adult Swiss albino mice (20--25 g) of either sex were used in this study. All the animals were obtained from Institutional Central Animal House, All India Institute of Medical Sciences (AIIMS) Bhopal, Madhya Pradesh, India. Animals were kept in cages in standard temperature-regulated rooms with air-cooling and 12 hours light and dark cycle and had free access to water and standard laboratory diet. They were allowed to acclimatize to the laboratory conditions and trained to acclimatize to restrainer for a period of 1 week before the experiments were conducted. Food was withdrawn 12 hours prior to drug administration until the completion of the study. The study was approved by the Institutional Animal Ethics Committee (IAEC), AIIMS Bhopal, India and all the experiments were performed as per the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) guidelines.

Drugs and reagents {#S0002-S2002}
------------------

We used piroxicam as positive control in our experiment. Piroxicam is a non-steroidal anti-inflammatory agent with analgesic and anti-pyretic properties comparable to standard NSAIDS in terms of safety and efficacy. It is a standard drug used in animal experiments as a positive control to evaluate and compare the efficacy of newer molecules. The dose of piroxicam used in our experiments in Swiss albino mice corresponded to human equivalent dose for analgesic action.

Test drug zaltoprofen was purchased from J B Chemicals and Pharmaceuticals Ltd (Mumbai, India) and the standard drug piroxicam from Windlas biotech private limited (Dehradun, India). Zaltoprofen and piroxicam were dissolved in normal saline for oral administration. The animals were divided into four groups (six animals in each group). Group I (vehicle control) mice were administered normal saline 10 mL/kg body weight (NS) orally; Group II (positive control) mice were administered piroxicam 10 mg/kg body weight (PRC10); Group III (Test-I) mice were administered zaltoprofen 15 mg/kg body weight (ZLP15): Group IV (Test II) mice were administered zaltoprofen 20 mg/kg body weight (ZLP20).

Evaluation of analgesic activity {#S0002-S2003}
--------------------------------

Hot plate and tail flick methods were used to assess analgesic activity of study drugs.

### Eddy's hot plate model and procedure {#S0002-S2003-S3001}

A modified method of Eddy and Leimbach was used as one of the methods for studying the analgesic effects of the drugs.[@CIT0013] The instrument used in our study was hot plate analgesia meter (IITC Inc. Life Science, CA, USA). It consists of an arrangement of an electrically heated flat platforms from which the animal cannot escape by itself. The temperature of the hot plate can be controlled as per requirement and was maintained at 50°C--55°C for our experiment. Food was withdrawn 12 hours before drug administration and reinstituted after completion of the experiment. The individual mice were placed on the hot plate and were immediately removed as soon as responses like jumping or licking of the paws were seen. A cut-off time of 10 seconds was followed to avoid any thermal injury to the paws. The time taken by the animal to elicit the reflexive pain behavior was taken as the reaction time. The reaction time in seconds was counted at 0, 30, 60, and 90 minutes after the respective treatment.

### Tail flick test method and procedure {#S0002-S2003-S3002}

The second method used in our study was the tail flick test with radiant heat. We used a tail flick digital analgesia meter (Ugo Basile, Gemonio, Italy) for this test. The instrument consists of an arrangement of exposing the middle part of the tail of the restrained mouse to a point source of radiant heat. The animal withdraws its tail in response to the heat applied. The reaction time of this movement is known as tail flick latency. A prolongation of the reaction time is adjudged as an analgesic activity. The instrument automatically records the reaction time and the heat source is simultaneously switched off. A cut-off time of 15 seconds was set as the threshold to avoid damage to the tail of the animal. Animals that showed a mean reaction time of more than 15 seconds were not included in the study. Food was withdrawn 12 hours before drug administration and reinstituted after completion of the experiment. The tail flick latency was recorded prior to drug administration (baseline value) and at 30, 60, and 90 minutes after drug administration.

Statistical analysis {#S0002-S2004}
--------------------

Results are expressed as mean ± SD. Data were analyzed using SPSS version 22.0. Comparison between different groups was done by one-way ANOVA followed by Bonferroni's test to compare difference between groups at the prespecified time intervals. *p*-value less than 0.05 (*p*\<0.05) was considered statistically significant.

Results {#S0003}
=======

Hot plate test {#S0003-S2001}
--------------

Pretreatment with zaltoprofen and standard piroxicam showed significant elevation in pain threshold in comparison to vehicle control as represented in [Figure 1](#F0001){ref-type="fig"} and [Table 1](#T0001){ref-type="table"}. As compared to standard piroxicam 10 mg/kg (PRC10), zaltoprofen at doses of 15 mg/kg (ZLP15) and 20 mg/kg (ZLP20) showed maximum effect at ([Figure 2](#F0002){ref-type="fig"}) 30 minutes but PRC10 showed its maximum effects at 60 minutes. By applying Bonferroni\'s test, it was shown that there was no statistically significant difference between test and standard drugs at 30 and 60 minutes respectively. However, at 90 minutes, PRC10 showed greater mean reaction time than ZLP15, which was statistically significant (*p*-value\<0.05).Table 1Reaction time in seconds with different drug dosages in hot plate model of pain in miceReaction time in seconds (mean ± SD)Drugs and doses (mg/kg)0 minutesAfter 30 minutesAfter 60 minutesAfter 90 minutesVehicle control (NS, 10 mL/kg, po)3.36±0.76^a^3.70±0.20^a^3.80±0.73^a^3.36±0.51^a^Piroxicam (PRC, 10 mg/kg, po)3.36±0.68^b^5.15±0.96^b\*\*^6.60±0.69^b\*\*\*^5.61±0.84^b\*\*\*^Zaltoprofen (ZLP, 15 mg/kg, po)3.46±0.66^b^6.50±0.45^b\*\*\*^5.76±0.19^b\*\*\*^4.30±0.14^b\*\*^Zaltoprofen (ZLP, 20 mg/kg, po)3.70±0.20^b^6.48±0.30^b\*\*\*^6.17±0.24^b\*\*\*^5.21±0.33^b\*\*\*^[^1][^2] Figure 1Reaction time in seconds (mean value) with different drug dosages in hot plate model of pain in mice.**Notes:** \*\* and \*\*\* represent *p*-value \<0.01 and 0.001 respectively; a denotes NS control at different time intervals; b denotes test and standard drugs compared to NS. One-way ANOVA with post hoc Bonferroni\'s test was used for between group differences.**Abbreviations:** NS, normal saline; PRC10, piroxicam 10 mg/kg; ZLP15, zaltoprofen 15 mg/kg, ZLP20, zaltoprofen 20 mg/kg.

Tail flick test {#S0003-S2002}
---------------

Pretreatment with zaltoprofen demonstrated significant and dose-dependent anti-nociceptive activity in the tail flick test at doses of 15 and 20 mg/kg at 30, 60, and 90 minutes (*P*\<0.001) as compared to normal saline. Under similar conditions, pretreatment with piroxicam significantly increased latency to radiant heat stimulation 30 minutes after administration and the anti-nociceptive effect was maintained during the entire period of evaluation. By applying Bonferroni\'s test, it was shown that there was no statistically significant difference between effects of test and standard drugs at 30, 60, and 90 minutes respectively, as represented in [Table 2](#T0002){ref-type="table"} and [Figure 3](#F0003){ref-type="fig"}.Table 2Tail flick latency with different drug dosages in tail flick model of pain in miceTail flick latency in seconds (mean ± SD)Drugs and doses (mg/kg)0 minutesAfter 30 minutesAfter 60 minutesAfter 90 minutesControl (normal saline, 10 mL/kg, po)4.75±1.01^a^5.59±0.89^a^4.92±0.65^a^5.42±0.75^a^Piroxicam (PRC, 10 mg/kg, po)5.00±0.82^b^7.91±0.72^b\*\*\*^9.51±0.69^b\*\*\*^10.08±1.06^b\*\*\*^Zaltoprofen (ZLP, 15 mg/kg, po)5.17±0.82^b^9.15±0.50^b\*\*\*^9.13±0.27^b\*\*\*^8.75±1.03^b\*\*\*^Zaltoprofen (ZLP, 20 mg/kg, po)5.17±1.07^b^9.48±0.72^b\*\*\*^9.93±0.69^b\*\*\*^10.95±0.66^b\*\*\*^[^3][^4] Figure 2Time course of drug effect (Hot-plate model).**Abbreviations:** NS, normal saline; PRC10, piroxicam 10 mg/kg; ZLP15, zaltoprofen 15 mg/kg; ZLP20, zaltoprofen 20 mg/kg.

Discussion {#S0004}
==========

Hot plate and tail flick methods are used in animal models of pain based on polysynaptic reflexes initiated at the spinal level and modulated from supraspinal centers. Cortical and brainstem control of these reflexes is strengthened by training and acclimatization.[@CIT0013] These reflexes are generated due to the application of heat, cold, mechanical, and electrical stimulus.[@CIT0014] Thermal and radiant heat are used in hot plate and tail flick models respectively. With the hot plate, pain reflex behavior is noted as jumping and licking of paws, whereas with tail flick, the same is indicated by withdrawal of tail from the ray of incident radiant heat. The behavior and type of pain usually depends on the affected part of tissue such as skin, muscle, joint, viscera, etc[@CIT0015],[@CIT0016] and the mechanism of injury such as thermal, mechanical, inflammatory, neuropathic.[@CIT0014],[@CIT0017] Both are acute models of pain and both types of stimuli induce pain by heat-mediated damage of tissues and inflammation leading to release of peripheral mediators.[@CIT0018] Owing to underlying anatomical and physiological similarities between the two species, human disease can be accurately replicated in murine models for testing of drugs. The tail flick model of acute pain involves spinal and bulbospinal pathways while the hot plate method involves additional supraspinal modulation. Despite having poor face and construct validity, the models can be used in predicting efficacy of both opioid and non-opioid (at higher dose) analgesics in humans.[@CIT0019],[@CIT0020]

In our study, zaltoprofen at two different doses of 15 and 20 mg/kg (ZLP15 and ZLP20) significantly increased the threshold of pain at all time intervals in both the models (hot plate and tail flick) of acute pain as compared to normal saline (vehicle) group ([Figures 1](#F0001){ref-type="fig"}--[4](#F0004){ref-type="fig"}; [Tables 1](#T0001){ref-type="table"} and [2](#T0002){ref-type="table"}). In the hot plate model of acute pain, the maximum effect of zaltoprofen (both at 15 mg/kg and 20 mg/kg) was observed at 30 minutes as compared to standard piroxicam (10 mg/kg), which showed its maximum effect at 60 minutes ([Figure 1](#F0001){ref-type="fig"}; [Tables 1](#T0001){ref-type="table"}). This indicates that zaltoprofen had a quicker onset of action as compared to piroxicam in this part of the experiment. However, there was no statistically significant difference between the maximum effects of the two drugs at 30 and 60 minutes, respectively. At 90 minutes, PRC10 showed greater mean reaction time than ZLP15 which was statistically significant (*p*-value\<0.05). Higher dose zaltoprofen (ZLP20) showed a peak effect at 30 minutes (like ZLP15) but continued to show equally efficacious analgesia compared to PRC10 until 90 minutes ([Figure 2](#F0002){ref-type="fig"}). Therefore, in the hot plate model, both ZLP15 and ZLP20 had earlier peak action than PRC10 (although statistically not significant), but only ZLP20 had a similar duration of action as compared to PRC10. In the tail flick model of acute pain, all three drug groups, PRC10, ZLP15, and ZLP20, showed significantly increased pain threshold in a dose-dependent manner ([Figure 3](#F0003){ref-type="fig"}; [Table 2](#T0002){ref-type="table"}) at all time intervals as compared to the control (vehicle) group. The mean tail flick latency continued to increase for PRC10 and ZLP20 until 90 minutes, while ZLP15 started showing decline in efficacy after 30 minutes ([Figure 4](#F0004){ref-type="fig"}). However, there was no statistically significant difference in mean tail flick latency between the three drug groups at the prefixed time points of 0, 30, 60, and 90 minutes. Therefore, in the tail flick method, the three drug dosages were observed to be equally efficacious in analgesic effect during the experimental time period of 90 minutes. When the results of the two analgesiometric assays (hot plate and tail flick) in our study were compared, it was evident that the same drug groups (PRC10, ZLP15, ZLP20) showed variation in the time course of drug effect based on the type of analgesiometer. The variations in the onset and peak of the two drugs in the two types of analgesiometer (hot plate and tail flick) are shown in [Figures 2](#F0002){ref-type="fig"} and [4](#F0004){ref-type="fig"}, respectively. The peak response of zaltoprofen (15 mg/kg) was seen at the same time (at 30 minutes) in both the assays, but the peak responses of PRC10 and ZLT20 were seen at different times in the two assays. It has been indicated in previous studies that the anti-nociceptive action of NSAIDs might involve central neural mechanisms in addition to the peripheral analgesia induced by COX inhibition. It is also known that there is significantly greater supraspinal modulation of pain perception in the hot plate method compared to the tail flick method. While the pharmacokinetics of a drug can be assumed to be constant in standard test conditions, it is the pharmacodynamic differences of the same drug in different analgesiometer assays, arising out of processing and modulation of the nociceptive input by the spinal cord, that can explain the variation in time course of drug effect. This corroborates the fact that analgesic action of NSAIDs also involve central mechanisms.[@CIT0021] Despite the gaps in knowledge of the mechanism of pain and pain relief that exist at present, our study points out that zaltoprofen can be utilized as an effective alternative to standard analgesic in treatment of painful conditions. In a randomized, comparative, multicentric, double blind, double-dummy, Phase III clinical study conducted in patients with primary knee osteoarthritis, comparing zaltoprofen with diclofenac, it was concluded that the efficacy and safety of zaltoprofen is clinically non-inferior to that of diclofenac.[@CIT0022] In another observational, prospective study, zaltoprofen in combination with topical anesthetic gel was found to be superior to anesthetic gel alone in controlling cystoscopy-related pain.[@CIT0023] Recently, a study published in *Cancer Medicine* concluded that zaltoprofen could be a promising drug against the malignant phenotypes in chondrosarcomas via activation of PPAR γ and inhibition of MMP2 activity.[@CIT0024]Figure 3Tail flick latency with different drug dosages in tail flick model of pain in mice.**Notes:** \*\*\* represents *p*-values \< 0.001; a denotes NS control at different time intervals, b denotes test and standard drugs compared to NS. One-way ANOVA with post hoc Bonferroni\'s test was used for between group differences.**Abbreviations:** NS, normal saline; PRC10, piroxicam 10 mg/kg; ZLP15, zaltoprofen 15 mg/kg; ZLP20, zaltoprofen 20 mg/kg.Figure 4Time course of drug effect (Tail flick model).**Abbreviations:** NS, Normal saline; PRC10, piroxicam 10 mg/kg; ZLP15, Zaltoprofen 15 mg/kg, ZLP20, Zaltoprofen 20 mg/kg.

Conclusion {#S0005}
==========

Zaltoprofen is an effective analgesic agent in mouse models of acute pain. Its efficacy was non-inferior to standard NSAID, piroxicam, in the conducted experiment. The analgesic properties of this drug can be attributed to inhibition of inflammatory mediators at the site of injury and modulation of the supraspinal pain mechanism. Although more preclinical and clinical studies are required to establish its long-term efficacy and safety, it has immense therapeutic potential of being used as an effective analgesic. Since the doses employed in our study correspond to adult human dose, it is considered that zaltoprofen, which has a novel mechanism of anti-nociception and has already been approved for human use, can be effectively utilized for management of acute somatic pain in clinical conditions.
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[^1]: **Notes:** \*\* and \*\*\* represent *p*-value \<0.01 and 0.001 respectively; ^a^denotes NS control at different time intervals; ^b^denotes test and standard drugs compared to NS.

[^2]: **Abbreviations:** NS, normal saline; po, per oral.

[^3]: **Notes:** \*\*\* epresents *p*-value \< 0.001; ^a^denotes NS control at different time intervals, ^b^denotes test and standard drugs compared to NS. One-way ANOVA with post hoc Bonferroni\'s test was used for between group differences.

[^4]: **Abbreviations:** NS, normal saline; po, per oral.
